Considerable evidence has associated increasing portion sizes with elevated obesity prevalence. This study examines typical portion sizes of commonly consumed core and discretionary foods in Australian adults, and compares these data with the Australian Dietary Guidelines standard serves. Typical portion sizes are defined as the median amount of foods consumed per eating occasion. Sex-and agespecific median portion sizes of adults aged 19 years and over (n = 9341) were analysed using one day 24 hour recall data from the 2011-12 National Nutrition and Physical Activity Survey. A total of 152 food categories were examined. There were significant sex and age differences in typical portion sizes among a large proportion of food categories studied. Typical portion sizes of breads and cereals, meat and chicken cuts, and starchy vegetables were 30-160% larger than the standard serves, whereas, the portion sizes of dairy products, some fruits, and non-starchy vegetables were 30-90% smaller. Typical portion sizes for discretionary foods such as cakes, ice-cream, sausages, hamburgers, pizza, and alcoholic drinks exceeded the standard serves by 40-400%. The findings of the present study are particularly relevant for establishing Australian-specific reference portions for dietary assessment tools, refinement of nutrition labelling and public health policies.
1
. In 2011-12, approximately 63% of Australian adults were overweight, of which 28% were obese 2 . Poor diet along with overweight and obesity have been recognised as the leading risk factors of disease burden in Australia 3 . The fundamental cause of overweight and obesity is energy imbalance with energy intake exceeding energy expenditure attributable to complex interactions of genetics, environmental, dietary and behavioural factors 4 . Increasing portion sizes may contribute to excess energy intake, and development of obesity and chronic diseases [5] [6] [7] . The Australian Dietary Guidelines (ADG) encourage people to focus on appropriate portion sizes of 'core' foods and avoid 'discretionary' foods for optimal nutrition and health 8 . Foods from the core food groups including bread and cereals, meat and alternatives, milk and alternatives, fruit, and vegetables form the basis of a healthy diet 8 . Discretionary foods are defined as energy-dense and nutrient-poor foods that are unnecessary in a healthy diet 8 . In the ADG, standard serves and the recommended number of serves guide individuals to achieve healthy food and nutrient intakes. However, the 2011-12 National Nutrition and Physical Activity Survey (NNPAS) indicates a disconnect between dietary guidelines and what people actually consume. Only 54% and 7% of Australians Scientific RepoRts | 6:19596 | DOI: 10.1038/srep19596 met the recommended intake of fruit and vegetables, respectively 2 . In contrast, discretionary foods contributed 35% of total energy intake of Australians 2 . A lack of awareness among the public regarding appropriate portion sizes and how portion sizes relate to the standard serves and recommended number of serves in the ADG may be a contributing factor 9 . Typical portion sizes are defined as the median amounts of foods consumed per eating occasion 8 . However, results of national surveys usually report food intake on a per day basis, and do not specify portion sizes of foods consumed per eating occasion 2 . Most studies on typical portion sizes are limited to specific foods such as those high in energy and poor in nutrients 10, 11 , or those contributing most to energy intake 12 . The aim of this study was to update our previous portion size analysis which used the 1995 Australian National Nutrition Survey 13 and to examine the typical portion sizes of a wide range of commonly consumed core and discretionary foods among Australian adults using the 2011-12 NNPAS, and to evaluate the differences between typical portion sizes consumed and the ADG standard serves.
Results
Portion sizes of commonly consumed food categories. The current analyses included a total of 152 food categories. Of these, 97 were core foods and 55 were discretionary foods. Median portion sizes of selected commonly consumed core and discretionary food categories by sex and age are presented in Tables 1 and 2 , respectively. A complete list of all food categories analysed are presented in the online supplementary material (Supplementary Tables 1, 2 , 3 and 4 online).
Regardless of core or discretionary food categories, there were significant sex differences in typical portion sizes. The typical portion sizes for males were significantly larger than for females in 76% (115 out of 152) of food categories studied (P < 0.05) (Supplementary Tables 1, 2 online). Typical portion sizes of some food categories such as breakfast cereals, cooked pasta, noodles or rice, chicken, some vegetables, sweet biscuits, sausages, butter, sports and energy drinks, beer, and pizza were more than 30% larger for males compared to portions consumed by females. Significant age differences in typical portion sizes were observed for 68% (103 out of 152) of food categories studied including most breads and cereals, meat and alternatives, milk and yoghurt, most fruits, some vegetables, sweet biscuits, cakes, sausages, sugar-sweetened beverages, and alcoholic drinks (Supplementary  Tables 1, 2 online) . Typical portion sizes decreased with increasing age, where adults aged 71 years and over had the smallest portion sizes compared to the younger age groups. Typical portion sizes of food categories that did not have significant age differences were cooked oats, pasta, cheese, custard, mandarins, cooked carrot, cucumber, boiled potatoes, margarine, bacon, ham, savoury sauces and condiments such as gravies, pasta sauce and salad dressing. The portion sizes also varied by the use of that given food or beverage, for example, the amount of milk used in beverage was smaller than milk used on cereal (Tables 1 and 2) .
Food categories with a wide portion size range included cooked oats, pasta, noodles, rice, grapes, cooked beans and legumes, baked potatoes, pizza, burgers and other mixed dishes including rice, pasta, meat or vegetables. Portion size variations were particularly large for beverages such as water, milk on cereal, flavoured milk, fruit juices, sugar-sweetened beverages, and alcoholic drinks (Tables 1 and 2) .
Comparison with the ADG standard serves. There were obvious differences between the NNPAS typical portion sizes and the ADG standard serves (Tables 3 and 4 ). The portion sizes for food categories under the bread and cereal group were generally larger than the ADG standard serves (e.g. 40 g of bread and 30 g of breakfast cereals). Greater differences were observed in males than in females. Bread portion sizes for males and females exceeded the ADG standard serve by approximately 60% and 40%, respectively. Portion sizes for all ready-to-eat breakfast cereals for males and females were 70% and 18% larger than the standard serve. Breakfast cereals such as wheat-flake biscuits, muesli, and mixed grain flakes contributed the largest differences to the standard serve. Likewise, the portion sizes for cooked cereals including oats, pasta, noodles and rice were significantly larger than the standard serve.
Within the meat and alternatives, meat portions including beef, lamb, chicken and pork were about 90-160% greater than the standard serve. Portion sizes for fish, seafood, and nuts were similar to their standard serves (within ± 25%), whereas the portion size for eggs was half of its standard serve. For dairy products including milk, yoghurt, cheese and milk alternatives, the portion sizes were generally smaller than the standard serves, except for flavoured milk, which had a 40-80% greater portion size. With respect to fruits, median portion sizes of apples, pears and oranges were similar to the 150 g standard serve. In contrast, small sized fruits such as mandarin, strawberries and grapes had portion sizes 40~60% smaller than the standard serve. Vegetables such as beetroot, carrot, lettuce, cucumber, tomato were consistently smaller than the 75 g standard serve in both males and females, except for cooked legumes, baked beans, starchy vegetables (i.e. corn and potatoes), and cooked mixed non-leafy vegetables.
Typical portion sizes of discretionary foods such as cakes, buns, muffins, doughnuts, sweet pastries, sausages, hamburgers, pizza, savoury pastries, potato fries, and alcoholic drinks exceeded the 600 kJ standard serves by 40-400%. In contrast, the portion sizes for sweet biscuits, ham, chocolate, potato crisps, and sugar-sweetened beverages were similar to 600 kJ standard serve.
Discussion
The current analyses examined the typical portion sizes of commonly consumed core and discretionary foods among Australian adults, and assessed how these compared to the ADG standard serves. There were significant sex and age differences in typical portion sizes among a large proportion of food categories studied, regardless of their classification as core or discretionary foods. Comparison of typical portion sizes with ADG standard serves revealed consistent trends among core food categories with breads and cereals, meat and chicken cuts, and starchy vegetables being consumed in larger amounts than their standard serves. In contrast, the portion sizes of milk, yoghurt, cheese, small sized fruits, and non-starchy vegetables were generally smaller than their standard serves. Portion sizes of discretionary foods such as cakes, potato fries, hamburgers, pizza, sausage, beer, and wine exceeded the 600 kJ standard serve by approximately 40-400%.
The sex-and age-specific typical food portion sizes found in the present study are consistent with previous portion size literature [13] [14] [15] [16] . The sex differences in portion sizes may be a consequence of greater energy requirement of males relative to females. Furthermore, it has been suggested that females' stronger beliefs in healthy eating and greater involvement in dieting and weight control may partly contribute to the sex differences in eating habits 17, 18 , and potential better portion size control of females compared with males 19 . Not surprisingly, the 2011-12 AHS found that dieting behaviours were more prevalent in females than in males 2 . The smaller portion sizes among elderly people may be partially explained by the decreased energy requirement attributable to both lower metabolic rate and physical activity level.
ADG standard serves together with the number of serves per day, help people to quantify the total daily amounts of food required for nutrient and energy requirements 8 . However, evidence has shown standard serves are generally not well understood by the public 20 . A Canadian study found participants (n = 145) overestimated standard serves (e.g. grains, fruit and vegetables) and underestimated the number of serves they consumed 20 . It is noteworthy that public health messages may overlook the fact that people have different interpretations of a standard serve and more education in this area is needed. As indicated by current results, core foods with typical portion sizes smaller than standard serves (e.g. milk, yoghurt, cheese, non-starchy vegetables, and some fruits) will need to be consumed more frequently to ensure dietary guidelines are met. The findings that typical core food portion sizes of bread, cereals, meat and chicken cuts being larger than the standard serves were similar to the findings of a small Australian pilot study, which asked participants to serve themselves the typical amount of foods that they normally consume at one eating occasion 21 . This study also found that self-selected portion sizes of rice, pasta, breakfast cereal, and meat were larger than the ADG standard serves, except for milk, which was smaller 21 . Portion sizes of discretionary foods are particularly relevant to the current climate of excess energy intake and overweight/obesity. The ADG recommend adults limit their consumption of discretionary foods to 0-3 serves depending on their energy requirement 8 . Typical portion sizes of some discretionary food categories in this study were approximately 40-400% larger than the ADG standard serve of 600 kJ, highlighting the importance of targeting these food categories to reduce excess energy intake. Typical portion sizes of pizza and hamburgers were 2-4 times higher than a standard serve, while cakes and muffins, and pastries were 1.5 times higher. In contrast, typical portion sizes of soft drinks, fruit drinks, sweet biscuits, chocolate, and potato crisps were similar to a standard serve of discretionary food. Foods typically consumed in small portion sizes (e.g. < 20 g) such as sugar, honey, jam and butter contributed significantly lower energy compared with a standard serve.
The accuracy of portion size estimation is an important limitation to our study. Studies have shown portion size estimation is difficult for nearly all people, regardless of age, sex, body weight or socio-economic status 22 . Foods that are particularly difficult to estimate include amorphous foods that take the shape of the container they are in 23, 24 , foods in small quantities 25 , and foods with multiple components such as mixed dishes 26 . Indeed, large variations were observed in typical portion sizes of cooked cereals, beverage, and mixed dishes in this study. Moreover, portion size may be deliberately misreported. People may report smaller portion sizes of discretionary foods or larger portions of fruits and vegetables for social desirability reasons but this could not be measured in our study 27 . The current study has several strengths. The current analyses were based on a large sample of national representative Australian population. The utilisation of measurement aids such as real-sized food and container images in 24 hour recall has been demonstrated to improve the accuracy of the portion size estimates 28 , but there is also potential for these measures to influence the recall of portion size. For example, the median portion sizes of some food categories in the current analyses were similar to the portion size depicted in the food model booklet such as meat cuts, fruits, and beverages.
In conclusion, this study examined the most up-to-date typical portion sizes of a comprehensive list of commonly consumed core and discretionary food categories in the Australian population. These findings can be used in clinical practice to assist health educators in nutrition counselling; in nutrition research such as the development of dietary assessment tools and in public health nutrition to monitor food consumption trends, design public health campaigns, refine nutrition labelling and support public health policies and guidelines. Future dietary interventions and public health campaigns should focus on education regarding portion size. It is important to clarify that a general message to decrease portion size of all foods is not appropriate. Future guidance should encourage people to increase the portion of low energy, nutrient rich core foods such as fruit and vegetables, and decrease portions for energy dense and nutrient poor discretionary foods.
Methods
Study design and participants. This study used data from adults aged 19 years and over (n = 9341) who participated in the 2011-12 NNPAS. The 2011-12 NNPAS, focused on the collection of dietary intake were based on per consumer. Significance of sex-and age-differences in typical portion sizes was tested by Mann-Whitney test and Kruskal-Wallis test respectively. All food categories had significant sex-and agedifferences except for cooked oats, mandarins, cooked carrot, boiled potatoes, full fat milk in beverage, olive oil, and savoury rice dishes. 2 Breakfast cereal, all includes all ready-to-eat breakfast cereals such as bran, rice bubbles/corn flakes, wheat-flake biscuits, muesli, and mixed grain flakes. 3 Savoury pasta/noodle dishes include all past and noodle sauce dishes, stir-fried noodle with meat or vegetables, pasta or noodle salad. 4 Savoury rice dishes include paella, fried rice, risotto with egg, meat, or vegetables. and physical activity information, and was a component of the 2011-13 Australian Health Survey (AHS) 29 . The NNPAS was conducted throughout Australia from May 2011 to June 2012 within approximately 9,500 private dwellings (77% of participating dwellings) across Australia. A stratified multistage area sampling was used for sample selection, and to ensure the selected sample was representative of the Australian population. One faceto-face 24 hour recall, which was collected using the five-phase automated multiple-pass method, was used to analyse the typical portion size data 29 . Participants were asked to report all foods consumed on the day prior to the interview, from midnight to midnight. The dietary intake data were coded to an Australian Food, Supplement and Nutrient Database (AUSNUT) 8-digit food code and categorised into food classification groups based on the food and measures database developed by Food Standard Australia New Zealand (FASNZ). Detailed study design and operation have been reported on the Australian Bureau of Statistics (ABS) website 29 .
Determination of portion size. The portion size of a food was defined as the amount of food that an individual consumed at one eating occasion. A food model booklet containing the actual size photographs and drawings of different-sized Australian sourced beverage and food containers, shapes and mounds, ruler, rings, a grid, a wedge, meat and chicken cuts, and chocolate bar sizes were provided to assist respondents with portion size estimation 29 . Respondents were asked for the time they began eating or drinking each food as well as what the respondent would call each eating occasion 29 . If an individual consumed a food item multiple occasions a day, the average portion size for those multiple occasions was calculated and treated as a single record for that individual. Table 2 . Median portion sizes and interquartile range (grams) of commonly consumed discretionary foods among consumers by age and sex (2011-12 NNPAS) 1 .
1
All data were weighted to represent population estimates. IQR: Interquartile range; M: F Male to female ratio; sample sizes varies within age/sex group as median intake were based on per consumer. Significance of sex-and age-differences in typical portion sizes was tested by Mann-Whitney test and Kruskal-Wallis test respectively. All food categories had significant sex-and age-differences except for ham, tomato sauce, mayonnaise, jam and conserves.
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Classification of food categories. The classification of food categories was based on grouping similar foods together using the AUSNUT 8-digit food codes consistent with our previous analysis 13 . Food categories were classified further into core and discretionary foods according to the ADG 8 and the ABS discretionary food list 30 , respectively. The bread and cereal group consisted of different types of breads, breakfast cereals, cooked oats, rice, pasta and noodles. The meat and alternative group included cooked beef cuts, lamb cuts, pork cuts, chicken, fish, other seafood, eggs, nuts, and meat alternatives. The milk and alternatives group included milk, yoghurt, and cheese of varying fat types, custard, flavoured milk, and milk substitutes. Milk was further classified based on its use: 'in beverage' or 'on cereal' , according to the food combination code: 'beverage with additions' and 'cereals with additions' . The fruit group was comprised of commonly consumed pome, berry, citrus, tropical, and dried fruits (such as apples, pears, strawberries, bananas, and raisins) and pure fruit juices. The vegetable group included cooked green and orange vegetables, raw salad vegetables, cooked legumes/beans, and starchy vegetables. The portion sizes of unsaturated spreads and oils such as margarine and olive oil; and fluids including water, tea and coffee were also assessed. Discretionary foods included pizza, hamburgers, potato fries, processed meats, biscuits and cakes, confectionary and snacks, sugar-sweetened beverages, sauces and condiments, sugar and spreads, and alcoholic drinks. Only foods and beverages reported as a single item were captured in the above food categories. Mixed dishes were coded as a single item if insufficient detail was given to code as multiple items such as soups, savoury rice dishes, savoury pasta/noodle dishes, vegetable dishes and meat dishes.
Comparison with ADG standard serves. In the ADG, the standard serves of core foods were determined according to the average weight of current household measures or of usual consumption units, taking into account the nutritional contribution of the food item in total diets 8 . The standard serves for discretionary foods were established on the basis of 600 kJ cut-off. The NNPAS median portion size of individual food categories by sex was compared to the ADG standard serves. The percentage difference between NNPAS median portion size and ADG standard serve was calculated as (median portion size-standard serve)/standard serve ×100. The standard serve for beverages given in volume (mL) were converted to grams based on the density measures provided by the AUSNUT food measures file 31 . For example, the recommended standard serve of regular milk (250 mL) is equivalent to 258 g based on the density of 1.03 g/mL 31 .
Statistical analysis. Data were analysed according to sex and the following age groups: 19 to 30 years (n = 1592), 31 to 50 years (n = 3565), 51 to 70 years (n = 2906), and 71 years and over (n = 1278). Median portion sizes, 25 th and 75 th percentiles (grams) were determined for food categories in all sex and age subgroups with more than ten consumers. Differences in median portion sizes by sex were tested using Mann-Whitney tests. Kruskal-Wallis tests were conducted to compare the median portion sizes across the four age groups. Median Scientific RepoRts | 6:19596 | DOI: 10.1038/srep19596 energy per portion (kJ) of discretionary foods was determined for comparison with the 600 kJ standard serve. One sample Wilcoxon Signed Rank tests were performed to test the differences between median portion sizes and the ADG standard serves. Percentage differences within 25% were considered as similar. Personal weighting factors were applied to the dataset to ensure that the survey estimates conform to the population estimates by sex, age, area of usual residence and seasonal effects 29 . All statistical analyses were performed using SPSS 20.0 (SPSS Inc, Chicago, IL, USA) with statistical significance set as P < 0.05 (two-sided).
